The aim of this study was to evaluate the effects of ALE supplement on the lipid profile of CKD patients. This randomized controlled trial demonstrated that consumption of ALE supplement may improve lipid profile and appetite in these patients.
Introduction
Chronic kidney disease (CKD) is a worldwide health issue with a growing incidence and prevalence particularly due to population aging and increasing frequency of comorbidities (1) . CKD is associated with a higher cardiovascular mortality. Cardiovascular disease (CVD) is the main cause of death and morbidity in these patients (2) and cardiovascular mortality is much higher in CKD stages 4-5 compared to the general population (3) .
Although high serum concentrations of triglyceride (TG), total cholesterol and low-density lipoprotein cholesterol (LDL-C) and low serum levels of high-density Introduction: Hyperlipidemia is considered a prominent risk factor for coronary heart disease. Coronary heart disease is the most common cause of mortality and morbidity in chronic kidney disease (CKD) patients. Objectives: The aim of this study was to evaluate the effects of artichoke leaf extract (ALE) supplementation on the lipid profile of CKD patients. Patients and Methods: A randomized, double-blind, placebo-controlled clinical trial was conducted in 38 CKD subjects (GFR<60 and >15 mL/min/1.73 m 2 ) with hypercholesterolemia (total cholesterol ≥ 200 mg/dL or low-density lipoprotein cholesterol [LDL-C] ≥ 110 mg/dL). The intervention group received an artichoke capsule (320 mg) and an indistinguishable placebo was given to the control group twice daily for 6 weeks. Lipid profile and appetite were assessed at week 8 and the results were compared with the baseline data. Results: ALE supplementation was correlated with a statistically significant decrease in mean total cholesterol (P = 0.028) and LDL-C (P = 0.005) compared to the control group. The two groups did not show a significant difference in high-density lipoprotein-cholesterol (P = 0.071) and triglyceride levels (P = 0.22). There was a statistically significant difference in appetite between the two groups (P = 0.016). lipoprotein cholesterol (HDL-C) are known risk factors for the CVD development in the general population, an inverse association between non-HDL-C which mainly consist of TG rich lipoproteins and mortality in end-stage renal disease (ESRD) patients transitioning to dialysis has been described (4) .
Conclusion
CKD patients who do not have nephrotic syndrome and do not need renal replacement therapy, usually have low HDL-C, high TG and normal LDL-C which is smaller, denser and more atherogenic (5) . Dyslipidemia which is a common complication of CKD has a special role in the development of atherosclerosis and is the principal modifiable risk factor for cardiovascular disease (6) . It also has been a target for pharmacological therapeutic agents and natural lipid lowering compounds in primary and secondary prevention (7) .
Cynara scolymus (Artichoke) is an herbaceous perennial plant which its' leaves is widely used as hepato-protective, diuretic, anti-oxidative and cholesterol biosynthesis inhibitor (8) . A few mechanisms of action for lipid lowering effect of artichoke leaf extract (ALE) have been considered. Interaction with 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, liver sterol regulatory elementbinding proteins and acetyl-CoA C-acetyltransferase (ACAT) by Luteolin are proposed mechanisms (9) .
Objectives
In this randomized, double-blind, placebo-controlled clinical trial we evaluated the effect of 6 weeks ALE supplementation on the lipid profile of our CKD patients.
Patients and Methods

Study design
This double-blind, placebo controlled, randomized clinical trial was conducted in CKD patients who were referred to the nephrology clinic of Imam-Khomeini hospital in Tehran, Iran from December 2017 to July 2018. The participants were randomly assigned into two groups (n=20 patients per group) through block randomization using quadruple blocks. Blocks were randomly selected to make the randomization list. The drug and placebo were administered to the patients in similar packages and the same dose. The researcher and patients were blind to nature of the intervention (Figure 1 ).
Participants
Totally 64 CKD patients were consequently enrolled in the study (Figure 1 ). Forty participants met the inclusion criteria consisting of estimated glomerular filtration rate (eGFR) between 15-59 mL/min/1.73 m 2 (stages 3a, 3b and 4), LDL-C level ≥110 mg/dL or total cholesterol level ≥200 mg/dL, age between 18 and 70 years, body mass index (BMI) value between 18.5 kg/m 2 and 30 kg/m 2 , positive history of low lipid diet and statin use for more than 4 months. Patients with severe chronic disease, type 2 diabetes, liver function impairment, history of biliary obstructive disorder or gallstone, history of dialysis or kidney transplantation, pregnancy or breastfeeding, known or potential allergy to the product under the study, participation in any other clinical trial at the same time or within the last 30 days, history of malignancy and drug abuse, were excluded.
Intervention
Patients were allocated to receive a capsule containing 320 mg of ALE or an indistinguishable placebo capsule two times a day for 6 weeks. All participants were asked to continue their regular diet and medications. Anthropometrical parameters, such as body weight and BMI were collected both at the beginning and two weeks after the trial. Biochemical parameters have been obtained at weeks 0 and 8, after a 12-hour overnight fasting. Adherence to treatment/placebo, tolerability, acceptability and compliance were also assessed.
Ethical issues
The study was conducted in accordance with the Declaration of Helsinki. The protocol was approved by the Ethics Committee of Tehran University of Medical Sciences (Ir.tums.rec.1394.1531). Informed consent was obtained from all participants before inclusion in the study and they were informed of their right to withdraw from the study at any time. This study was also registered in Iranian Registry of Clinical Trials (IRCT) (# IRCT2016021622689N3; http://en.irct.ir/trial/19516; registration date: 2016-06-18). This study was part of Toktam Fakhrian dissertation, granted by Tehran University of Medical Sciences (Grant# 94-3146-30407).
Statistical analysis
We used SPSS (SPSS Inc., Chicago, IL, USA) version 16.0 software for descriptive statistics. Parametric variables were described using mean and standard deviation and non-parametric data by using frequency. Parametric variables were evaluated by Student's t test. Means were compared using analysis of variance (ANOVA). P values less than 0.05 were accepted as statistically significant.
Results
In this clinical trial 20 patients were randomized to ALE supplement and 20 to placebo. Nineteen patients completed the 6-week intervention in each arm. Mean age of the participants was 50.24 ± 11.63 years (n=38) and there was no statistically significant difference between comparison groups (P = 0.92). The subjects were predominantly women (60.5%). Demographic and baseline laboratory characteristics of each group are presented in Table 1 . There were not any significant differences in the baseline laboratory characteristics between the participants in each group.
At the end of the study, compliance with artichoke and placebo capsules were 97.6% and 95.8% of expected doses, respectively (P = 0.38). Mean total cholesterol in the supplement group was 202 ± 8.18 mg/dL and in the placebo group was 228 ± 8.18 mg/dL, the mean difference was -26.57 ± 11.59 mg/dL that was statistically significant (CI: -50.1--3.0, P = 0.028). Mean LDL-C in the ALE supplement group was 119±5.9 mg/dL, in the placebo group was 144 ± 5.9 mg/dL and the mean difference was -25.09 ± 8.45 mg/dL that was statistically significant (95% CI -42.24--7.93, P = 0.005). Mean HDL-C in ALE group was 44.53 ± 0.8 mg/dL and in the other group was 42.25±0.8 mg/dL while, the mean difference was not statistically significant between the two groups (95% CI -0.2-4.7, P = 0.071). Comparing the LDL-C to HDL-C ratio, a statistically significant difference (mean difference = -0.70 ± 0.18) between two groups was detected (95% CI -1.05--0.34, P < 0.001).
Mean serum TG level in the placebo group was 202.8 ± 14.81 mg/dL and in the artichoke group was 176.4 ± 14.81 mg/dL since, there was not a statistically significant difference between the groups (95% CI -69.56-16.82, P = 0.22).
To compare appetite based on the participants answer to visual analogue scale (VAS), a statistically significant improvement in appetite in ALE supplement group was found (P = 0.016). There was no significant difference in blood glucose level between the two groups at the end of the study.
Discussion
In this randomized, double-blind placebo-controlled trial of 38 CKD individuals (stages 3a-4), with mild to moderate hypercholesterolemia, we found that a 6-week supplementation with ALE (320 mg, twice daily) was associated with a significant reduction in serum total cholesterol and LDL-C level, without any significant changes in serum triglycerides or HDL-C level. Active components of ALE are flavonoids (luteolin and glucosides), caffeoylquinic acids (cynarin and chlorogenic acid), bitters (sesquiterpene lactones, including cynaropicrin), and caffeic acids (10, 11) . it seems that chlorogenic acid and luteolin which are found in considerable amounts in artichoke, have an important role in lipid lowering mechanisms (12) . Proposed mechanisms by which ALE may exert lipid-lowering effects are interaction of luteolin with HMG-CoA reductase, liver sterol regulatory element-binding proteins and ACAT, increasing cholesterol elimination through bile acid secretions and inhibition of LDL oxidation (10, 13) .
The clinical impact of ALE has been evaluated in several studies proposing potential lipid-lowering effects of ALE in hypercholesteremic adults (10, (13) (14) (15) (16) . Bundy et al evaluated the effect of 1280 mg standardized ALE administered daily for 12 weeks in healthy hypercholesteremic adults in a randomized, double blind placebo controlled trial. Although they found a statistically significant difference between two groups in total cholesterol, there was no significant difference regarding TG, LDL-C and HDL-C (10). In another study in 2006, Nazni et al examined the effect of ALE on lipid profile in type 2 diabetic individuals. The results of this study indicated a significant reduction in total cholesterol, triglyceride and LDL-C levels and also a significant increase in HDL-C levels was seen. In addition, the beneficial effect of ALE on blood glucose level was observed in this controlled trial (17) . In a randomized, double-blind, placebo-controlled clinical trial in 2013, Rondanelli et al considered the effects of ALE on lipid patterns in 92 overweight subjects affected by primary mild hypercholesterolemia. The results of this study indicated that not only ALE decreases serum total cholesterol and LDL-C, but also it is associated with a significant increase in HDL-C levels (14) . Recently, a systematic review and meta-analysis was carried out on 9 RCTs (included 702 subjects) investigating the impact of ALE on plasma lipid levels. The authors found a significant decrease in serum total cholesterol, LDL-C, and triglyceride levels following ALE administration, however no significant alteration was observed in HDL-C levels. Moreover, a significant association between baseline LDL-C level and lipidlowering effect of ALE was observed (13) .
It should be mentioned that most of the above studies have been performed in patients with normal renal function. Dyslipidemia is common in CKD patients and is associated with high cardiovascular morbidity and mortality (5) . Individuals with non-dialysis-dependent CKD have specific feature of lipid profile that is distinct from the general population and is characterized by low serum HDL-C, high triglycerides and normal or even low total cholesterol and LDL-C levels. Of note, LDL-C is not usually elevated, LDL-C particles are smaller, denser and more atherogenic, while oxidized LDL-C which is highly atherogenic, is increased in this population (5, 18, 19) .
In CKD, dyslipidemia accelerates atherogenic processes and in turn increases cardiovascular disease. Additionally, it accelerates decline in kidney function due to lipid deposition in the kidneys. Therefore, it is logical to control dyslipidemia in patients with CKD. According to the KDIGO guidelines, statin or statin/ezetimibe is recommended in patients with CKD who fulfill treatment criteria (5) . Artichoke is one of the safest herbal medicines and has not been associated with significant side effects in most of the subjects (11) . To the best of our knowledge, this is the first study to demonstrate the impacts of artichoke on lipid profile of CKD patient and our results are in concordant with studies performing in patients with normal kidney function. In this study, no adverse events related to treatment were reported and even patients' compliance was good.
In addition, there was a significant difference in appetite, favoring those participants receiving ALE supplement. This was consistent with the reports of a review study by Wegener et al in 1999 showed that ALE improved gastrointestinal complaints such as nausea, abdominal pain, and loss of appetite in patients with hepatobiliary dysfunction. It was probably, flavonoids and caffeoylquinic that were mainly responsible for these actions (20) .
Conclusion
In conclusion, this study demonstrated that consumption of ALE supplement may improve appetite and lipid profile in CKD patients.
Limitations of the study
The small number of participants is an important limitation of this study. In addition, antioxidant effects of artichoke were not assessed in these CKD patients. Hence, further prospective and long-term clinical studies are necessary to clarify whether artichoke has other beneficial effects in CKD patients similar to the general population.
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